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Background: Neonatal mortality is a global challenge; identification of individual and community determinants
associated with it are important for targeted interventions. However in most low and middle income countries
(LMICs) including Ghana this problem has not been adequately investigated as the impact of contextual factors
remains undetermined despite their significant influence on under-five mortality and morbidity.
Methods: Based on a modified conceptual framework for child survival, hierarchical modelling was deployed to
examine about 6,900 women, aged 15 – 49 years (level 1), nested within 412 communities (level 2) in Ghana by
analysing combined data of the 2003 and 2008 Ghana Demographic and Health Survey. The aim was to identify
individual (maternal, paternal, neonatal, antenatal, delivery and postnatal) and community (socioeconomic
disadvantage communities) determinants associated with neonatal mortality.
Results: The results showed both individual and community characteristics to be associated with neonatal mortality.
Infants of multiple-gestation [OR 5.30; P-value < 0.001; 95% CI 2.81 – 10.00], neonates with inadequate birth spacing
[OR 3.47; P-value < 0.01; 95% CI 1.60 – 7.57] and low birth weight [OR 2.01; P-value < 0.01; 95% CI 1.23 – 3.30] had a
lower chance of surviving the neonatal period. Similarly, infants of grand multiparous mothers [OR 2.59; P-value < 0.05;
95% CI 1.03 – 6.49] and non-breastfed infants [OR 142.31; P-value < 0.001; 95% CI 80.19 – 252.54] were more likely to
die during neonatal life, whereas adequate utilization of antenatal, delivery and postnatal health services [OR 0.25;
P-value < 0.001; 95% CI 0.13 – 0.46] reduced the likelihood of neonatal mortality. Dwelling in a neighbourhood with
high socioeconomic deprivation was associated with increased neonatal mortality [OR 3.38; P-value < 0.01; 95% CI
1.42 – 8.04].
Conclusion: Both individual and community characteristics show a marked impact on neonatal survival.
Implementation of community-based interventions addressing basic education, poverty alleviation, women
empowerment and infrastructural development and an increased focus on the continuum-of-care approach in
healthcare service will improve neonatal survival.
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The first 28 days of life remain the most critical period for
an infant to survive during childhood; [1] approximately
10,000 newborns die everyday during this period [2]. As a
result of the devastating effects of childhood mortality
especially in low and middle income countries (LMICs),
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reproduction in any medium, provided the oradopt reduction of under-five mortality by two-thirds bet-
ween 1990 and 2015 as the Millennium Development
Goal 4 (MDG 4) [3]. The deadline for the attainment of
MDG 4 target is fast approaching. Yet up to 40 % of
under-five mortality occur at neonatal stage even though
two-thirds of these deaths are preventable [4]. Worldwide
about three million newborns are dying annually [5] be-
fore attaining the age of one month and despite repeated
“calls for action”, [1,2,6,7] this serious public health issue
has not received desirable attention [8]. Consequently, in
the last two decades, neonatal mortality has shown limitedLtd. This is an Open Access article distributed under the terms of the Creative
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instance in 2008 this region only witnessed a 2% decline in
neonatal mortality [10]. Low birth weight, prematurity,
infections, birth asphyxia and birth trauma have been
identified as the leading causes of neonatal deaths world-
wide [4], similar to the major causes of neonatal deaths in
SSA [11] and Ghana [12-15]. Across the globe, there are
great variations in neonatal mortality: 99% of neonatal
deaths occur in LMICs [1], whereas until recently 99% of
neonatal research publications were conducted in high in-
come countries (HICs). This indicates a gross lack of infor-
mation and knowledge of neonatal mortality in LMICs.
In Ghana, neonatal mortality is an important public
health issue; 30 per 1000 live births are dying within the
first 28 days of life [16]. In order to attain MDG 4
neonatal mortality has to reduce substantially because it
accounts for more than half of the infant and under-five
mortality [16]. Most studies to date mainly examined fac-
tors influencing under-five and infant mortality in LMICs
[17], whereas only a limited number of studies have spe-
cifically identified factors associated with neonatal mor-
tality in SSA. Early initiation of breastfeeding was shown
to be inversely associated with neonatal mortality in
Ghana [18]. Further in LMICs, neonatal (low birth weight,
male infant, multiple pregnancy and prematurity) [19-21],
maternal (single, nulliparous mothers and short birth
spacing) [19-21], and health service factors (delivery and
postnatal services) were reported to have independent
associations with neonatal mortality [19,20].
These studies focused on the associations between
individual-level factors and neonatal mortality. They typi-
cally did not disentangle the influence of individual and
community determinants on neonatal mortality even when
they analysed population-based data with hierarchical
nature. In other words, most of these prior studies disre-
garded the importance of contextual phenomena because
community-level determinants were not appropriately
considered in their analyses. Contextual phenomenon is
an intuitive core notion of social epidemiology; resting on
the observation that people dwelling in the same neigh-
bourhood tend to resemble each other in terms of their
health outcomes more than those living in different areas.
Thus, taking contextual factors into account either at the
design and/or analytical phase is crucial in understanding
individual health outcomes in a population.
In LMICs, neonatal mortality is yet to be adequately ex-
amined by multilevel analysis, an analytic method that has
the capability of assessing both fixed and random effects
in a single model. Application of multilevel analysis allows
to disentangle the influence of individual and community
characteristics on neonatal survival based on the level at
which they shaped child survival. In contrast, the applica-
tion of single-level analyses (individual or ecological ana-
lyses) instead of multilevel analyses will make it difficult todeduce whether community-level factors influence neo-
natal outcomes regardless of the individual characteristics
or whether inter-community variation in neonatal mor-
tality is exclusively due to their individual characteristics
without any influence of community-level factors.
In addition, there is increasing evidence of associations
between community-level factors and under-five stunting
and mortality after considering individual factors [22-24].
The present study aims to identify both individual (bio-
logical or proximate) and community (contextual, societal
or distal) factors associated with neonatal mortality in
Ghana by examining Ghana Demographic and Health
Survey (GDHS) data using hierarchical modelling.Methods
Study design
This is a population-based study which examined the com-
bined dataset of the 2003 and 2008 Ghana Demographic
and Health Survey to identify individual and community
determinants influencing neonatal mortality in Ghana.Data collection
Comprehensive information on the sampling techniques
and procedures applied for data collection in the Ghana
Demographic and Health Survey have been published
elsewhere [16,25]. In brief, all women and men in all the
selected households, aged 15 to 49 and 15 to 59 respec-
tively were interviewed with the aid of questionnaires
(household, women’s and men’s questionnaires). The
questionnaires covered information on socioeconomic,
demographic and health indicators. Informed consent
was obtained from all the participants before face-to-
face interviews were conducted. Information was ob-
tained on under-five deaths in the last five years in both
occasions. In both surveys combined, 12,474 households,
11,045 women and 10,114 men were identified for inter-
views and response rates of 99%, 96% and 94% respec-
tively were observed [16,25].Ethical consideration
Ethical approval to conduct DHS in Ghana was approved
by the Ethics Committee of ICF Macro in Calverton, USA
and the Ethics Committee, Ghana Health Service, Accra,
Ghana. We obtained ethics approval for analysis of this data
from the Ethics Committee of ICF Macro in Calverton,
USA.Variables
Outcome variable
Neonatal mortality was defined during the data col-
lection as the probability of dying within the first month
of life.
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Individual and community characteristics that were ex-
amined for possible associations with neonatal mortality
were based on an adapted framework of child survival
[26] taking into account the available information in the
2003 and 2008 Ghana Demographic and Health Survey.
The adapted framework for neonatal survival is depicted
in Figure 1.
Individual-level determinants
Individual-level factors were categorized into six groups:
maternal, neonatal, paternal, antenatal, delivery, and
postnatal factors. Maternal factors encompassed mater-
nal age, parity, maternal occupation, maternal education,
breastfeeding and preceding birth interval. We examinedFigure 1 Adapted version of the conceptual framework for individual &sex (male/female), birth order, multiple pregnancy and
birth weight to assess the effects of neonatal factors while
paternal factors entailed paternal occupation and educa-
tion, ethnic group and household wealth index. Mothers
were asked whether the birth weight of their babies were
very big, bigger than average, average, smaller than average
or very small. We classified smaller birthweight than aver-
age and very small birthweight as small and average, bigger
than average and very big as normal birthweight. Maternal
uptake of antenatal, delivery and postnatal healthcare ser-
vices were assessed by considering maternal health seeking
behaviour. Maternal health seeking behaviour was opera-
tionalized by combining maternal characteristics such as
having a health care card, having received tetanus toxoid,
having received antenatal care, have delivered in a healthcommunity-level determinants influencing neonatal mortality [26].
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using Principal Component Analysis (PCA). To evaluate
the wealth index of the households an asset based ap-
proach was applied by DHS. Household properties such as
radio, car, and other features within the house such as
water source, toilet facility and roof/floor type were uti-
lized to evaluate the wealth index of the household using
PCA [16,25]. Asset-based methods have previously been
applied by the World Bank and other studies to estimate
wealth status [27-29].
Community-level determinants
The community was used to represent the primary sam-
pling unit (PSU) of the data. Community impact on neo-
natal mortality was assessed by considering the status of
socioeconomic disadvantage of the community in which
the participants were dwelling. Community socioeconomic
disadvantage was operationalized by combining four fac-
tors: place of residence (rural/urban), and the proportion
of illiteracy, unemployment and poverty (estimated asset
index < 20% poorest quintile). PCA was applied to generate
community socioeconomic disadvantage and subsequently
classified into low, moderate and high deprivation tertiles.
Communities with low socioeconomic disadvantage were
the least deprived. A couple of studies have utilised com-




Descriptive analysis was performed by evaluating the
prevalence of neonatal mortality (outcome variable) across
the categories of each explanatory variable. Also the fre-
quency and percentage of each of the categories within
the explanatory variables were obtained.
Modelling approaches
The hierarchical nature of the Ghana DHS data and the
framework for neonatal survival were considered during
the analysis. Thus, two-level multivariable multilevel logistic
regression was applied. Individual-level determinants were
nested within the community-level determinants in which
they live. Three models were fitted in the analysis. Model 1
has no determinant variable (empty model). This was fitted
to decompose the total variance between individual and
community level. We included all the individual-level deter-
minants into model 2 while the model 3 encompassed
individual-level and community-level determinants.
Measures of association (fixed effects)
The effects of individual-level and community-level de-
terminants on neonatal mortality were reported in term
of odds ratios with their P-values and 95% confidence
interval.Measures of variation (random effects)
Random effects were expressed in terms of Intra-Cluster
Correlation (ICC)/Variance Partition Coefficient (VPC)
and Median Odds Ratio (MOR).
Model fitness & precision
The loglikelihood and Akaike Information Criterion (AIC)
of the models were estimated to assess the fitness of the
model relative to the other models. Variance Inflation Fac-
tor and Tolerance test were performed to identify the
presence of multicollinearity in the model. StataSE 11 soft-
ware package [34] was used for the analyses and statistical
significance of the covariates were determined by two-
tailed Wald test at significance level of alpha equal to 5%.
Results
Characteristics of the sample
The general characteristics of the study population are
shown in Tables 1 and 2. Approximately 6,900 respon-
dents living in 412 different communities were inter-
viewed in the last decade in Ghana to obtain information
on under-5 mortality. Half of the women interviewed were
aged 25 to 34 years, 40% of them were illiterate, and about
two-thirds of them engaged in manual labour jobs and
were residing in rural settlements. More than half of the
men were farmers even though more than two-thirds of
them had at least a primary school education. About one-
third of the communties were classified to be in abject
poverty while 90% of the population were unemployed.
About 3% of the newborns delivered were not breastfed,
17 % were having LBW and neonatal mortality accounted
for more than half of under-five mortality and two-thirds
of infant mortality. Neonatal deaths were observed to
occur most often in newborns having birth spacing less
than 18 months, low birth weight and those that were not
breastfed. Similarly, for infants of multiple gestation and
those in fifth or higher birth order prevalence of neonatal
mortality was higher. Neonatal deaths were reported more
often among infants of grand-multiparous women with
poor health seeking behaviour. Further details are given in
Tables 1 and 2. The time interval between the two subse-
quent data collection periods was not related to neonatal
mortality; its rate has been more or less stationary in the
last decade in Ghana [16,25].
Random effects (Measure of variations)
Table 3 depicts the results of the variance component
model which is also referred to as null model or empty
model (model 1). This model was applied to estimate the
total variance in neonatal mortality that can be attributed
to the communities in which the mothers were living; in
other words, community-level variance was estimated in
order to justify the applicability of multivariable multilevel
regression analysis (MMLRA). Community-level variance
Table 1 General characteristics of the study population: individual variables
Neonatal death
Number (%) Yes No




Male 3,476 (51) 150 (4) 3,326 (96) 3,476 (100)
Female 3,360 (49) 122 (4) 3,238 (96) 3,360 (100)
Birth order
One 1,518 (22) 66 (4) 1,452 (96) 1,518 (100)
Two 1,342 (20) 37 (3) 1,305 (97) 1,342 (100)
Three 1,090 (16) 37 (3) 1,053 (97) 1,090 (100)
Four 883 (13) 28 (3) 855 (97) 883 (100)
Five 2,003 (29) 104 (5) 1,899 (95) 2,003 (100)
Multiple gestation
Yes 285 (4) 39 (14) 246 (86) 285 (100)
No 6,551 (96) 233 (4) 6,318 (96) 6,551 (100)
Birth weight
Small 1,142 (17) 72 (6) 1,070 (94) 1,142 (100)
Normal 5,607 (83) 176 (3) 5,431 (97) 5,607 (100)
Maternal factors
Maternal Age
15 – 24 years 1,537 (23) 57 (4) 1,480 (96) 1,537 (100)
25 – 34 years 3,300 (48) 123 (4) 3,177 (96) 3,300 (100)
35 – 49 years 1,999 (29) 92 (5) 1,907 (95) 1,999 (100)
Maternal education
No education 2,956 (43) 113 (4) 2,843 (96) 2,956 (100)
Primary 1,545 (23) 73 (5) 1,472 (95) 1,545 (100)
Secondary or higher 2,335 (34) 86 (4) 2,249 (96) 2,335 (100)
Maternal occupation
Unemployed 689 (10) 27 (4) 662 (96) 689 (100)
Manual 4,184 (62) 167 (4) 4,017 (96) 4,184 (100)
White collar job 1,922 (28) 75 (4) 1,847 (96) 1,922 (100)
Parity
1 1,035 (15) 27 (3) 1,008 (97) 1,035 (100)
2 – 4 3,514 (51) 148 (3) 3,396 (97) 3,514 (100)
≥ 5 2,287 (34) 127 (6) 2,160 (94) 2,287 (100)
Birth interval
< 18 months 227 (4) 27 (12) 200 (88) 227 (100)
18 – 36 months 2,060 (39) 82 (4) 1,978 (96) 2,060 (100)
> 36 months 3,016 (57) 97 (3) 2,919 (97) 3,016 (100)
Breastfeeding
Yes 6,647 (97) 138 (2) 6,509 (98) 6,647 (100)
No 189 (3) 134 (71) 55 (29) 77 (100)
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Table 1 General characteristics of the study population: individual variables (Continued)
Health seeking behaviour
1 lowest 1,489 (24) 128 (9) 1,361 (91) 1,489 (100)
2 2,231 (35) 64 (3) 2,167 (97) 2,231 (100)
3 1,417 (22) 50 (4) 1,367 (96) 1,417 (100)
4 Highest 1,224 (19) 00 (0) 1,224 (100) 1,224 (100)
Paternal factor
Paternal occupation
Farming 3,816 (59) 146 (4) 3,670 (96) 3,816 (100)
Manual 1,481 (23) 52 (4) 1,429 (96) 1,481 (100)
White collar job 1,200 (18) 63 (5) 1,137 (95) 1,200 (100)
Paternal education
No education 2,331 (38) 93 (4) 2,238 (95) 2,331 (100)
Primary 580 (9) 26 (4) 554 (96) 580 (100)
Secondary or higher 3,329 (53) 125 (4) 3,204 (96) 3,329 (100)
Wealth index
Poor 3,773 (55) 136 (4) 3,637 (96) 3,773 (100)
Middle 1,186 (17) 61 (5) 1,125 (95) 1,186 (100)
Rich 1,877 (28) 75 (4) 1,802 (96) 1,877 (100)
Ethnicity
Akan 2,612 (38) 110 (4) 2,502 (96) 2,612 (100)
Ga/Guan 578 (8) 21 (4) 557 (96) 578 (100)
Ewe 791 (12) 26 (3) 765 (97) 791 (100)
Mole-dagbani 1,697 (25) 62 (4) 1,635 (96) 1,697 (100)
Grussi/Gruma 703 (10) 35 (5) 668 (95) 703 (100)
Others 451 (7) 18 (4) 433 (96) 451 (100)
Table 2 General characteristics of the study population: community variables
Neonatal death
Number (%) Yes No
n (%) n (%) n (%) Total N (%)
Community-level determinants
Place of residence
Rural 4,793 (70) 198 (4) 4,595 (96) 4,793 (100)
Urban 2,043 (30) 74 (4) 1,969 (96) 2,043 (100)
Illiterate
No education 3,880 (57) 159 (4) 3,721 (96) 3,880 (100)
Educated 2,956 (43) 113 (4) 2,843 (96) 2,956 (100)
Unemployment
Employed 689 (10) 27 (4) 662 (96) 689 (100)
Unemployed 6,147 (90) 245 (4) 5,902 (96) 6,147 (100)
Poverty
lowest 20% 2,174 (33) 84 (4) 2,174 (96) 2,258 (100)
Above 20% 4,578 (67) 188 (4) 4,390 (4) 4,578 (100)
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Table 3 Associations between neonatal mortality and individual and community level determinants
Null model Mode with individual
level determinants
Mode with individual &
community level determinants
Fixed effect (OR, 95% CI, P-value)
Individual-level determinants
Infant sex
Male 1 (reference) 1 (reference)
Female 0.78 (0.51 – 1.19) 0.79 (0.52 – 1.21)
Birth order
One 1 (reference) 1 (reference)
Two — —
Three 1.58 (0.79 – 3.17) 1.57 (0.78 – 3.16)
Four 0.81 (0.33 – 1.99) 0.77 (0.31 – 1.93)
Five 0.77 (0.25 – 2.42) 0.72 (0.23 – 2.28)
Multiple pregnancy
Yes 5.30 (2.82 – 9.95)*** 5.30 (2.81 – 10.00)***
No 1 (reference) 1 (reference)
Birth weight
Small (<2.5 kg) 2.01 (1.23 – 3.29)** 2.01 (1.23 – 3.30)**
Normal (≥2.5 kg) 1 (reference) 1 (reference)
Maternal factors
Maternal Age
15 – 24 years 1 (reference) 1 (reference)
25 – 34 years 0.74 (0.34 – 1.59) 0.75 (0.34 – 1.64)
35 – 49 years 0.73 (0.29 – 1.80) 0.74 (0.30 – 1.87)
Maternal education
No education 0.74 (0.36 – 1.54) 0.88 (0.42 – 1.83)
Primary 1.02 (0.55 – 1.90) 0.99 (0.53 – 1.84)
Secondary or higher 1 (reference) 1 (reference)
Maternal occupation
Unemployed 1 (reference) 1 (reference)
Manual 1.16 (0.53 – 2.59) 1.24 (0.56 –2.74)
White collar job 0.80 (0.35 – 1.86) 0.79 (0.34 – 1.81)
Parity
1 1 (reference) 1 (reference)
2 – 4 — —
≥ 5 2.52 (1.01 – 6.28)* 2.58 (1.03 – 6.49)*
Birth interval
< 18 months 3.49 (1.60 – 7.59)** 3.47 (1.60 – 7.57)**
18 – 36 months 1.22 (0.77 – 1.93) 1.24 (0.56 – 2.74)
> 36 months 1 (reference) 1 (reference)
Breastfeeding
Yes 1 (reference) 1 (reference)
No 133.50 (75.89 – 234.83)*** 142.31 (80.19 – 252.54)***
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Table 3 Associations between neonatal mortality and individual and community level determinants (Continued)
Health seeking behaviour
Very low (25%) 1 (reference) 1 (reference)
Low (26-50%) 0.21 (0.13 – 0.36)*** 0.21 (0.12 – 0.35)***
Average (50-75%) 0.26 (0.14 – 0.49)*** 0.25 (0.13 – 0.46)***
High (76-100%) — —
Paternal factor
Paternal occupation
Farming 0.75 (0.37 – 1.57) 0.83 (0.40 – 1.73)
Manual 0.95 (0.48 – 1.89) 0.93 (0.46 – 1.85)
White collar job 1 (reference) 1 (reference)
Paternal education
No education 0.86 (0.43 – 1.70) 0.96 (0.48 – 1.91)
Primary 0.66 (0.29 – 1.50) 0.62 (0.27 – 1.42)
Secondary or higher 1 (reference) 1 (reference)
Wealth index
Poor 0.55 (0.30 – 1.01) 0.75 (0.39 – 1.43)
Middle 1 (reference) 1 (reference)
Rich 1.54 (0.75 – 3.13) 1.32 (0.64 – 2.76)
Ethnicity
Akan 1 (reference) 1 (reference)
Ga/Guan 0.77 (0.31 – 1.95) 0.86 (0.34 – 2.18)
Ewe 0.73 (0.33 – 1.62) 0.79 (0.35 – 1.76)
Mole-dagbani 0.99 (0.49 – 1.99) 1.21 (0.60 – 2.47)
Grussi/Gruma 1.22 (0.56 – 2.63) 1.59 (0.71 – 3.57)
Others 0.95 (0.35 – 2.59) 1.14 (0.42 – 3.10)
Community-level determinants
Community socio-economic disadvantage
Low deprivation 1 (reference)
Moderate deprivation 2.05 (1.03 – 4.07)*
High deprivation 3.38 (1.42 – 8.04)**
Random effect
Area Variance 0.235* 1.64 × 10−13 1.02 × 10−9
MOR 1.58 1.000000385 1.000030341
ICC (latent variable method) 0.07 4.98 × 10−14 3.10 × 10−10
AIC 2281.7392 819.77086 816.31818
Model 1 is the null model, contained no explanatory variable.
Model 2 adjusted for individual-level characteristics.
Model 3 adjusted for both individual-level and community-level characteristics.
Abbreviations: OR odds ratio 95%, CI 95% confidence interval, MOR median odds ratio, ICC intracluster correlation.
— denotes estimate omitted by Stata software.
***p < 0.001, **p < 0.01, and *p < 0.05.
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some of the total variance in neonatal mortality can be ex-
plained by community-level determinants thus MMLRA
was performed to adequately consider community-level
factors. The intracluster correlation/intra-community cor-
relation (ICC) or variance partition coefficient (VPC) wasestimated at 0.07 which simply means that 7% of the total
variance in neonatal mortality in Ghana can be attributed
to the communities in which the mothers were residing.
This also implies that the correlation between mothers
living in the same community regarding the likelihood of
experiencing neonatal mortality was 0.07. The estimated
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ratios (MOR= 1.58) which means that the likelihood of
having neonatal mortality increased by 58% when a
woman moved from a community with lower risk to a
higher risk community.
Following the decomposition of the neonatal variance in
model 1, individual-level covariates were introduced into
the empty model to form model 2. It was observed that
the community-level variance reduced drastically in model
2. This indicated that the composition of the individual
characteristics within the communities explained most of
the community-level variance observed in the null model.
However, we extended model 2 by introducing commu-
nity-level covariates to form model 3. Community-level
variance was no longer significant after adjusting for both
individual and community-level factors. It is important to
mention that a random intercept model was constructed
rather than the usual single-level model, not only because
of the hierarchical nature of the data but also not to have
biased associations.
Fixed effects (Measures of associations)
Table 3 also shows the fixed effects for individual and
community-level determinants. Fixed effects of model 2
show the associations between neonatal mortality and
individual-level determinants when the community-level
covariates were not considered while the fixed effects of
model 3 show the associations between neonatal mortality
and both individual and community-level determinants.
After considering both individual and community-level
characteristics in model 3, it was noticed that infants of
multiple gestation had a five times higher likelihood of
dying before attaining the age of one month (OR 5.30;
95% CI 2.81 – 10.00; P-value < 0.001). Similarly, infants
with LBW had a twofold increase in the likelihood of
dying during the neonatal period compared to their peers
with normal birth weight (OR 2.01; 95% CI 1.23 – 3.30;
P-value < 0.01). In addition to child factors that were
observed to influence neonatal survival, certain maternal
factors were shown to be associated with child survival
within the first 28 days of life. Infants delivered by grand
multiparous women were 3 times more likely to die com-
pared to those delivered by nulliparous women (OR 2.58;
95% CI 1.03 – 6.49; P-value < 0.05). Long birth spacing
and breastfeeding had a protective effect on child survival
during the neonatal stage. The likelihood of dying during
the neonatal life increased 3.5 fold in infants with
birth spacing of < 18 months compared to their peers with
more than 36 months (OR 3.47; 95% CI 1.60 – 7.57;
P-value < 0.01). Not being breastfed was strongly associa-
ted with neonatal mortality (OR 142.31; 95% CI 80.19 –
252.54; P-value < 0.001). The utilization of antenatal,
delivery and postnatal services by women with good
health seeking behaviour reduced the likelihood of losingtheir babies during neonatal life compared to those with
the least favourable health seeking behaviour [(OR 0.21;
95% CI 0.12 – 0.35; P-value < 0.001); (OR 0.25; 95% CI
0.13 – 0.46; P-value < 0.001)]. Infants of mothers that were
living in communities with high and moderate socioeco-
nomic disadvantage had a 3.4 and 2 fold increase in likeli-
hood of neonatal death respectively (OR 3.38; 95% CI
1.42 – 8.04; P-value < 0.01; OR 2.05; 95% CI 1.03 – 4.07;
P-value < 0.05) compared to those residing in areas with
the least socioeconomic disadvantage.
Model fit statistics
There was a progressive increase in the loglikelihood ob-
served in model 1 when we fitted model 2 and model 3.
More importantly the AIC were decreasing from model
1 to 3. This implies that model 3 explained the determi-
nants better than model 1 and 2.
Discussion
Main findings
The findings from this study shed light beyond the con-
tribution of individual characteristics to neonatal survival.
They demonstrated how the communities where the
mothers were living shaped the prevalence of neonatal
mortality in conjunction with the composition of the indi-
vidual characteristics. Both individual and community-
level characteristics showed significant associations with
neonatal survival. Living in a socioeconomic deprived
community (rural with a high prevalence of illiteracy, pov-
erty and unemployment) was inversely associated with
neonatal survival. These four components of community
socioeconomic deprivation coexist together in varying
proportions in the communities and the intensity of
deprivation depends on them. Prior studies in LMICs have
not adequately examined the association between commu-
nity-level factors and neonatal mortality even though
community-level factors have been shown to be associated
with under-five mortality and morbidity [22-24]. There
are multifaceted plausible explanations for this asso-
ciation. Dwelling in a rural community where illiteracy,
poverty, and unemployment are coexisting will influence
neonatal survival via multiple channels. People living in
the same community with socioeconomic deprivation
tend to be similar in terms of health outcome (neonatal
mortality) because of the shared community characteris-
tics which may mediate its impact through poor access to
health care services, inability to afford health care costs,
poor personal and environmental hygiene, poor nutrition,
ignorance of the importance of health care services and
more. Community factors will impact their effect on the
health outcome (neonatal mortality) through the
individual-level factors. Although it is not the aim of this
study to explain the underlying mechanism of the ob-
served association, we expect that living in a community
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neonatal survival through individual-level factors based on
the results of a previous study [26]. Several neonatal, ma-
ternal, antenatal, delivery and postnatal characteristics
were shown to be associated with neonatal mortality in
the present analysis. Being an infant of multiple gestation
was negatively associated with neonatal survival as pre-
viously reported in studies from LMICs [21,35]. The
plausible explanation for this association is that multiple
pregnancies/multiple births have a higher risk of prema-
turity and small-for-gestational age (SGA). These morbid
conditions will make the infants more prone to critical
medical complications which might not be adequately
managed in low-resource settings. Subsequent adjustment
for LBW and other determinants did not alter the ob-
served association between multiple pregnancy and neo-
natal mortality. In addition, LBW showed an independent
association with neonatal mortality which is consistent
with medical knowledge and outcomes of previous stud-
ies. Maternal factors found to be associated with neonatal
mortality were breast feeding and birth spacing. Breast
feeding was identified to have the strongest association
with neonatal mortality; the odds of this association was
observed to be very high (OR = 142.31; 95% CI = 80.19 –
252.54), thus it is important to mention that only 3% of
the newborns were not breastfed; of these 70% died before
attaining the age of one month whereas only 2% of the
breastfed babies eventually died in the same period.
Breastfeeding has been reported to have a protective
effect against hypothermia and hypoglycaemia which are
contributors to neonatal deaths [36]. Failure of the new-
borns to receive colostrum following delivery will make
them more susceptible to infections because of their im-
mure immune system. Results of a prior study conducted
in Ghana showed that delayed breastfeeding initiation
caused an increase in neonatal mortality through infection
related diseases; [18] findings from other population-
based studies support this notion [36-38].
Adequate birth spacing was another important mater-
nal factor noticed to have a protective effect on neonatal
survival. The length of the birth interval was inversely
related to neonatal mortality; suggesting that the longer
the mothers waited before having the next pregnancy
the better their chance of being recuperated well from
maternal depletion associated with the prior pregnancy.
This will ensure an adequate supply of essential nutri-
tional support for the growth and well being of a sub-
sequent pregnancy. This is consistent with previous
studies [19,35,38,39].
Utilization of antenatal, delivery and postnatal services
were inversely related to neonatal mortality. Infants of
mothers that utilized these health services were found to
have a better neonatal survival. The health of a neonate
deteriorates considerably faster than the health of anadult following infection, but neonates also recover very
fast if appropriate intervention is received as early as
possible. Thus, it is important that mothers seek health
intervention promptly in case of illness to save the lives
of their infants.
Most of the maternal health indicators that were
operationalized to generate maternal health seeking be-
haviour have been shown to have a similar influence on
neonatal mortality. Mothers that possessed good health
seeking behaviour such as having tetanus toxoid during
pregnancy; and received skilled antenatal, delivery and
postnatal care have been shown to reduce the chances of
neonatal death among their siblings [19,38,40]. The
impact of birth spacing, breast feeding and utilization of
antenatal, delivery and postnatal services have clearly
demonstrated the possible impact of the continuum-of-
care approach [41] from antenatal to postnatal life on
the survival and well-being of newborns. Mothers with a
good health seeking behaviour will have a better uptake
of the components of this approach from antenatal to
postnatal care, as they will be more likely to receive
tetanus toxoid, breast feeding counselling, birth pre-
paredness, blood supplements, skilled delivery, birth spa-
cing, immediate neonatal care and more.
Study limitations and strengths
Data explored in this study came from two nationally
representative surveys with household and individual re-
sponse rates of 99% and 96% respectively [16,25]. Recall
bias in this type of data has been shown to be low
[42,43]; and appropriate statistical methods were applied.
However, considering the fact that we used secondary
data in this study unobserved confouders might be a
problem. A high odds ratio was observed among the 3%
of infants that were not breastfed. Some babies may have
died so early that not being breastfed would not have
contributed to their death; the observed association be-
tween breastfeeding and neonatal mortality might have
been overestimated. Because only surviving mothers had
the opportunity to be interviewed, there is a possibility
that neonatal deaths might have been underreported.
For instance, mothers that died during labour with their
babies due to obstetric complications would be omitted
in the current analysis, implying that the burden associ-
ated with neonatal mortality might even be larger than
presented. As information on early neonatal death was
not available, we could not assess the effect of removing
early neonatal deaths on the observed association bet-
ween breastfeeding and neonatal mortality, which may
have resulted in an overestimation of the true asso-
ciation between breastfeeding and neonatal mortality.
With regard to classification in birth weight categories
in the current study, we acknowledge that recall of birth
weight size by mothers and subsequent classification in
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Recommendations
This study demonstrated that both individual and com-
munity characteristics have a substantial impact on child
survival in neonatal life. Thus, a comprehensive approach
should be taken in combating neonatal mortality. Pro-
vision of universal basic education, creation of job op-
portunities, poverty alleviation, women empowerment
programmes, and abridging the inequality gaps between
rural and urban areas are important community-based in-
terventions that will alleviate the impacts of community
socioeconomic deprivation.
This cannot be achieved without a strong financial and
political commitment of government and non-govern-
mental bodies. Earlier reports showed that neonatal mor-
tality has not received adequate financial attention. Even
although it accounted for more than 40% of under-five
mortality [44], over 50% of infant mortality and up to
the total deaths caused by Acquired Immunodeficiency
Syndrome (AIDS) and malaria combined [8], yet neo-
natal mortality has been receiving inadequate financial
attention [45].
In addition to the environment in which women live,
individual factors such as neonatal, antenatal, delivery
and postnatal factors were important determinants of
child survival in neonatal life. Small babies (preterm,
small for gestational age or both) and infants of multiple
gestation had a higher likelihood of dying in the neo-
natal stage indicating needs to provide essential neonatal
care to this vulnerable group of neonates. Health system
strengthening is needed in order to provide high quality,
affordable and accessible health care for them. Inte-
gration of neonatal care to the Integrated Management
of Childhood Illness (IMCI) programme will fill the ob-
served gap (first seven days of life) between the Safe
Motherhood Initiative (SMI) and IMCI [2,8] and this is
a critical period when three-quarters of neonatal mor-
tality occur [4].
Infants born to multiparous mothers with short birth
spacing intervals were more likely to die in neonatal life
while exclusive breastfeeding was found to have a protect-
ive effect on neonatal survival implying the importance of
effective implementation of family planning programmes,
reproductive health education, use of contraceptives and
promotion of exclusive breastfeeding. Maternal health
seeking behaviour towards antenatal, delivery and post-
natal services plays a vital role in neonatal survival,
indicating why decision and policy makers and non-
governmental bodies should implement the continuum-
of-care approach for maternal and newborn healthcare
services spanning from antenatal, to delivery, immediate
neonatal and postnatal care. The interagration of neonatalcare to the IMCI, use of contraceptive, reproductive health
education, exclusive breast feeding and other intervention
programs can be delivered through a continuum-of-care
approach to ensure continuity of healthcare services for
infants and their mothers.
Conclusion
This study examined nationally representative data on neo-
natal mortality over a decade by analysing a combined
dataset of the 2003 and 2008 Ghana demographic and
health surveys. The outcomes of the study demonstrated
both community (community socioeconomic disadvan-
tage) and individual (neonatal, maternal, antenatal, delivery
and postnatal) level factors to be significantly associated
with infant survival within the first 28 days of life. A com-
prehensive approach comprising community-based inter-
ventions (universal basic education, poverty alleviation,
women empowerment and infrastructural development)
and the continuum-of-care for maternal-newborn health-
care services is needed to reduce the burden of neonatal
mortality in LMICs.
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